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This thesis examines the mineral suite of undeveloped heavy-mineral deposits in
the Cretaceous of the Northern Mississippi Embayment and compares them to the
developed deposits of the Atlantic Coastal Plain. The hypothesis presented here is that
Cretaceous heavy-mineral deposits of the eastern Mississippi Embayment had the same
provenance, the Appalachian Piedmont, as did the younger sediments of the U.S. Atlantic
Coast. Kyanite/sillimanite and staurolite were recognized in all samples, and represent
strong evidence for an Appalachian Provenance. Alternatively, the overall lack of
epidote in the HM suite points away from a Mississippi River related provenance. The
dominant heavy minerals found in the Mississippi Embayment samples are ilmenite,
leucoxene, zircon, rutile, kyanite/sillimanite, staurolite, and monazite. This suite of
heavy minerals compares favorably to those represented along the Atlantic Coastal Plane,
and supports an Appalachian Provenance. Southwest trending Paleozoic paleovalleys
were likely sedimentation pathways from the Appalachian region.
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CHAPTER I
INTRODUCTION

Statement of purpose
Mineral assemblages characterize major rocks types, such as igneous,
metamorphic, and sedimentary, and also characterize ancient terrains, such as the
Appalachian, Ouachita, Canadian Shield, and Rocky Mountains. When minerals from
igneous and metamorphic terrains occur in sedimentary rocks, they can be used as
forensic tools to decipher ancient drainage systems and sedimentary environments.
When those minerals are of economic importance, the interpretation of their origin can
lead to the discovery of new deposits.
The objective of this thesis is to examine the mineral suite of undeveloped heavymineral deposits in the Cretaceous of the Northern Mississippi Embayment and compare
them to the developed deposits of the Atlantic Coastal Plain. At first comparison, the
Atlantic Coastal Plain deposits are much closer to the parent source in the Appalachian
Piedmont. However, in Cretaceous times, the ancient Gulf of Mexico shoreline extended
northward along the western flank of the Appalachian Mountains. The paleogeography
of this coastline in relationship to the Appalachians was similar to that of the East Coast
today. Complicating the paleogeographic setting are other possible basement-rock
sources such as the Canadian Shield to the north, volcanic islands and the Ouachita
Mountains to the west, and even the newly (in Cretaceous time) rising Rocky Mountains.
1

The hypothesis presented here is that Cretaceous heavy-mineral deposits of the eastern
Mississippi Embayment had the same provenance, the Appalachian Piedmont, as did the
younger sediments of the U.S. Atlantic Coast. Alternative hypothesis scenarios include
provenances in: (1) the Canadian Shield, (2) a western source, (3) from volcanic island
terrains during the Late Cretaceous. Challenges to the Appalachian Piedmont provenance
hypothesis include the necessity of a paleogeographic setting with an “Appalachian
River” that drained into the eastern Mississippi Embayment, combined with the erosion
and removal of the Paleozoic sedimentary section overlying Piedmont basement rocks by
Late Cretaceous time.
Confirmation of an Appalachian Piedmont source based on heavy-mineral suites
would indicate the presence of an “Appalachian River” draining the Southern
Appalachians with a southwestern flow into northeastern Mississippi. Evidence for such
a river, apart from mineral studies, is found in the northeast-southwest-trending
paleovalleys in the Paleozoic basement rocks of Tishomingo County filled with sands and
gravels of the Late Cretaceous Tuscaloosa Formation. The extent of these valleys was
discovered during the construction of the Tennessee-Tombigbee Waterway.
Importance
Why should one care about heavy minerals? Heavy minerals are important and
are sought after because of their economic value and usefulness in a variety of industrial
applications. The heavy mineral deposits of the Eastern Coastal Plain may soon be
mined out or inaccessible due to urban expansion. Demand for these minerals is growing
in a world where sources such as China and Southeast Asia are intermittently unavailable
for political reasons. It is in the nation’s economic and strategic interests to find
2

accessible supplies of heavy minerals within our own borders or those of our allies. If
Mississippi’s heavy mineral resources are like those of the Atlantic Coastal Plain, they
may serve as the second generation of U.S. heavy-mineral production.
Previous work
The Mississippi Embayment is the result of multiple transgressive/regressive
depositional events combined with basin subsidence. The sediments that make up the
Embayment are a combination of marine, deltaic, and fluvial deposits. Ultimately, the
buildup of these sedimentary units was dependent upon the relative position of sea level
at the time of deposition. Further, their preservation was dependent upon historical
erosional episodes and subsidence of the basin.
Heavy minerals are clastic sedimentary grains with a density greater than 2.9
grams per cubic centimeter (2.9 g/cm3), a density higher than that of quartz, which makes
up the vast majority of grains in sand and sandstone. Heavy minerals include
economically important minerals such as rutile (TiO2), ilmenite (FeTiO3), leucoxene
(highly altered ilmenite), and zircon (ZrSiO4), source minerals for titanium and
zirconium. They also include minerals with rare earth elements (monazite, xenotime),
sapphires, and garnets. Also included are gangue minerals such as staurolite and
magnetite.
Duval, J.S et al published an article in 2005 which includes maps that measured
the airborne gamma-ray spectrometry of the United States. Radioactive isotopes occur
naturally and can be found in association with most soil and rock on the earth. The most
common isotopes are associated with potassium, uranium, and thorium, and Duval et al
published maps for these elemental isotopes. Uranium and thorium are of particular
3

interest, since these elements are typically associated with the heavy minerals monazite
and zircon. Upon initial inspection of the maps, the Cretaceous outcrop region to possess
greatly elevated levels of both uranium and thorium. When these elevated regions are
compared to the geologic map, it becomes apparent that these areas are more actually
closely associated with the clay-rich, chalk units of the Cretaceous system, but not
entirely. While it is understood that clay-rich units are natural repositories for the
absorption of these radioactive elements, mineralogic related anomalies cannot be
discounted. There are some elevated outliers which seem to be situated on some of the
more sandy units in the Cretaceous; the focus of this study. Regardless, the Cretaceous
system of the Mississippi Embayment portrays elevated uranium and thorium isotopes,
and may imply a relationship to occurrences of monazite and zircon in the region.

4

Figure 1.1

Aerodynamics survey map for uranium
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Figure 1.2

Aerodynamic survey map for thorium

Heavy minerals are important and are sought after because of their economic
value and usefulness in a variety of industrial applications, for example, titanium is a
strong, light-weight, corrosion-resistant metal used for components in the aerospace
industry, and is a strategic commodity for military hardware (Mange, M. A., & Wright,
D. T., 2007).

6

Mange and Wright (2007) discuss how such minerals will supply titanium for military
aircraft and commercial paints and plastics, zirconium for cladding of nuclear fuel for
nuclear power generation plants, and rare-earth metals for cell phone, computer
components, and all those devices containing computers. However, 90% of the world’s
titanium production is used in the manufacture of titanium dioxide, the principal pigment
in white paint, white vinyl siding, plastics, paper, and latex rubber. Mange and Wright
(2007) also discuss how titanium dioxide has a high refractive index (opacity), whiteness,
brightness, thermal stability, and chemical inertness and is the modern replacement for
lead carbonate pigments. Because it is a non-toxic substance, it is also used in cosmetics
and pharmaceuticals. About 6% is used as titanium metal in the aerospace industry for
aircraft and spacecraft and in the medical industry for prostheses.
Watson (2007) described zircon to be extremely refractory with a melting point of
over 2,430° C and is used in foundry sand moulds, molten metal moulds, and continuous
steel casting nozzles. It is finely ground for uses in ceramic glazes and electrical
porcelain. Synthetic cubic ziconia gemstones are composed of zirconium dioxide (ZrO2)
and have a melting point of over 2,700° C. Zirconium is used as cladding, or outer
covering, for cylindrical fuel rods, containing 238U pellets, in the nuclear industry,
because it absorbs relatively few neutrons produced in a fission reactor and because it is
tough and resists heat and chemical corrosion better than other metals (Mange, M. A., &
Wright, D. T., 2007).
Rare earth elements are critical in the electronics industry in the manufacture of
cell phones and computers and are of strategic importance for military hardware. China
has had a monopoly on the production of rare earth elements for some years. Recently
7

China has cut the supply of these elements to Japan and then to the United States over
international disagreements. As a consequence, old, less profitable (than those in China)
mines for rare earth elements are being reopened in the U.S (Venton, D. ,2012).
Heavy mineral deposits accumulate over millennia from the weathering of
igneous and metamorphic basement rocks and then are transported and deposited as
accessory minerals with quartz sand. They may be concentrated by depositional
processes (i.e. coastal, alluvial, and eolian processes) that winnow the less-dense quartz
grains, leaving behind the denser heavy mineral sands. Allen and Main (2011) discuss
that such deposits occur in the Atlantic Coastal Plain of the United States, where heavy
minerals from the Appalachian Piedmont have been concentrated along ancient East
Coast shorelines. Along the Atlantic Coastal Plain, heavy- mineral production extends
from Florida to Virginia.
The provenance of Atlantic Coast heavy mineral deposits is relatively
straightforward. The Appalachian Piedmont area drains directly to the coast, and the
deposits are relatively recent (Allen, & Main, 2011). This is not true for the Cretaceous
heavy mineral deposits of the Mississippi Embayment, where the deposits are very old,
the paleogeography is less certain, and large fluctuations in sea level have complicated
the paleoceanographic setting (Pryor, W. A.,1960) . The hypothesis presented here is that
Cretaceous heavy-mineral deposits of the eastern Mississippi Embayment had the same
provenance, the Appalachian Piedmont, as did the younger sediments of the U.S. Atlantic
Coast. Alternative hypothesis scenarios include provenances in: (1) the Canadian Shield,
(2) a western source, or (3) from volcanic island terrains during the Late Cretaceous.
Challenges to the Appalachian Piedmont provenance hypothesis include the necessity of
8

a paleogeographic setting with an “Appalachian River” that drained into the eastern
Mississippi Embayment, combined with the erosion and removal of the Paleozoic
sedimentary section overlying Piedmont basement rocks by Late Cretaceous time.
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CHAPTER II
STUDY AREA

Pryor (1960) discusses how the Mississippi Embayment, a physiographic feature,
is a northward extension of the Gulf Coastal Plain; it stretches in an arc from central
Louisiana, through Arkansas and southern Missouri, and then through western
Tennessee, Mississippi, and into Alabama.

Figure 2.1

ArcGIS map showing study area along with actively mined locations on the
east coast

Red Line – Northern extent of the Mississippi Embayment
Green Polygons – Cretaceous Formations of the Mississippi Embayment (Units of this
study)
Br, Gy, Ylw, Orng Polygons – Tertiary Formations of the Mississippi Embayment
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The red stars shown in the above figure represent locations of historical and
current heavy mineral mining along the Atlantic Coast. The sedimentary units of the
Mississippi Embayment contain both marine and fluvial related lithologies, and range in
age from very young sediments in the south, to Tertiary age formations in its mid-section,
and finally to much older Cretaceous units along its northern most arc. These
sedimentary units have been filling this low-lying basin for millions of years, and the
Mississippi Embayment has preserved and exposed these ancestral depositional
sequences (Pryor, W. A., 1960).

Figure 2.2

Map created in ArcGIS displaying samples localities and sample type
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Stratigraphy
It is important to understand the literature pertaining to stratigraphy, combined
with field research, to determine which Cretaceous geologic units and which outcrops are
most likely to contain heavy minerals. The United States Geologic Survey in the
National Geochemical Survey, has documented geochemical anomalies across the
Cretaceous belt, which appear to confirm a relatively high presence of heavy minerals in
the eastern Mississippi Embayment region (Grossman et al, 2008). In northeastern
Mississippi there are four sand-rich geologic units that were deposited during the Late
Cretaceous time period. The formations include: the Tuscaloosa Group, the Eutaw
Formation, Ripley/McNairy formations, and the Coffee Sand Formation. These geologic
units were formed from sedimentary deposits, whereby sediment particles accumulated
horizontally on the ocean floor or river bottom. In most instances, sediments are
deposited through the process of transport from a high elevation to low elevation. In
relation to the Eutaw Formation, its development is thought to be associated with
deposition within coastal estuaries. As for the Coffee Sand formation, it is thought to
have formed from river deltas that emptied into the ancestral Gulf of Mexico and mixed
with marine sediments.
All of these formations were originally deposited horizontally; stacking up on one
another. (Dockery and Manning 1992) discussed that due to the subsiding Mississippi
River system, the beds began to dip in a general southward direction. For instance, in
Mississippi the formations of the Mississippi Embayment actually dip beneath the
modern Mississippi River alluvial plain, and become exposed once again on the other
side of the alluvial plan in Louisiana and Arkansas.
12

One researcher (R. Stearns, 1957) proposed the idea that during the Cretaceous,
deposition in the Mississippi Embayment was the result of a single, large sedimentary
cycle. The Cretaceous system is overlain by the Paleocene system, which in turn is
overlain by the lower Eocene, with the lower Eocene deposition being the latter and
younger of the three. Also, during this major cycle of deposition, there were five separate
regressions and transgressions of the sea, which Richard Stearns illustrates in
stratigraphic cross sections and series of paleogeographic maps. There have also been
studies that show patterns of contemporary subsidence of the embayment through the
construction of isopach maps. These maps indicate that the overall shape of the
embayment persisted from the Cretaceous through the Paleocene and into the Eocene.
The overall geography of the region has been greatly influenced because of this
Mississippi Embayment trough.
In the Cretaceous System, the Eutaw Formation can be as thick as 400 feet. It is
primarily composed of gray clay, but is also interbedded with fine-grained sand. The
sands are usually crossbedded and may show distinct stratification. The Coffee Sand is
located in Tennessee and northern Mississippi (Cushing et al., 1964).
The Coffee Sand can be as much as 200 feet thick, and is primarily composed of
stratified and crossbedded sands and clays. These sands are usually fine-grained and are
vari-colored. The Ripley Formation is located in Alabama, Mississippi, and Tennessee
and reaches a maximum thickness of 400 feet. This formation usually contains clay,
sandy clay, sand, and thin beds of sandstone. The Ripley and the McNairy Sand member
are closely associated, as the McNairy Sand is a northern Mississippi and Tennessee
equivalent that is mostly sandy. The McNairy Sand member reaches approximately 200
13

feet in thickness. The McNairy Sand is a medium- to coarse-grained sand, which is
brown to white in the subsurface and becomes varied-color and crossbedded in the
exposed outcrop (Cushing E.M., Boswell, E.H., and Hosman R.L. 1964).
Some studies (Cushing E.M., Boswell, E.H., and Hosman R.L. 1964) have stated
that the Tuscaloosa Formation is derived from a deltaic origin. Significant sections of the
formation have been removed due to erosion. The Tuscaloosa Formation is comprised
of sands, gravels, clay, and lignites, which all tend to exhibit irregular bedding features.
Previous studies (Stephenson, L.W., and Monroe, W.H., 1940) suggest that these deposits
were deposited in shallow waters of the sea during a time when the early Upper
Cretaceous time occupied the down-warping trough of the Mississippi Embayment. The
Tuscaloosa Formation is most prominent in Alabama where it is visible at the surface or
within the inner margin of the coastal plain in a belt 8-40 miles wide that stretches
westward and northward into Mississippi and then northward to the Tennessee state line.
The surface area of the Tuscaloosa within Mississippi is fairly small (Stephenson, L.W.,
and Monroe, W.H., 1940).
Environments of deposition
It is important to understand the literature that discusses favorable depositional
environments for the concentration of heavy minerals within the stratigraphic framework.
Heavy minerals are most commonly found in placer deposits, meaning they were
originally formed in separate location than the area they were deposited. The original
mineral formation occurred in association with igneous activity, and then erosion
combined with fluvial transportation carried the heavy mineral fragments to sedimentary
placer deposits. Heavy minerals have much higher specific gravity versus other minerals,
14

which allows to be maintained at a strong concentration relative to lower specific gravity
minerals. Heavy minerals can be deposited in to placers by a number of pathways, and
can be deposited by rivers (fluvial), wind (eolian), glacial activity, or by tidal actions
(beach and near shore). Research (Pirkle, 2007) has shown that deposits of heavy
minerals in southeastern Georgia and northern Florida have been the result of two
different origins. One of the deposit types formed in beach ridges that developed in the
coastal areas during major marine transgressions. Other deposits are thought to have
formed as a result of a marine regression when slight transgressions of the regressing seas
occurred. These deposits are examples of placer deposits through tidal actions. Also,
regarding shoreline deposits of heavy minerals, Garnar and Stanaway (1994) stated that
marine regression plays key role in the accumulation of heavy minerals that migrate
seaward. They also discussed the conditions that occur during a marine transgression. A
marine transgression will cause the sediments to be reworked, which is favorable for a
concentration of the heavy minerals, although the concentration rarely reaches suggested
heavy mineral percentage for economic purposes. Garner and Stanaway (1994) also
stated that a substantial shoreline deposit of heavy minerals during a transgressive period
typically requires that eolian dunes are eroded away due to wind action, which leaves
concentrated levels of heavy minerals behind.
Another possibility for the deposition and preservation of heavy minerals is with
alluvial deposits. These deposits consist of heavy minerals that have been carried by
rushing streams and then are deposited where the stream slows down. An alluvial fan, or
the point bar of a river, is a good example of this type of deposit. An alluvial fan is a fan
shaped deposit of sediment built up by streams that have all dumped their sediments into
15

one general region. The offshore Mississippi River sediments are somewhat like a
massive, submarine alluvial fan.

16

CHAPTER III
METHODS

Research and collection
In an effort to prove the hypothesis that heavy minerals in the eastern Mississippi
Embayment originated from a southern Appalachian provenance, internet and library
resources were utilized to gather critical information about the sand-rich, Cretaceous
geologic units of the eastern Mississippi Embayment (McNairy Sand/Ripley Formation,
Coffee Sand, Eutaw Formation, and Tuscaloosa Group). Next, geologic formational
boundaries were imported into ArcGIS for use as a field guide and important aid in
locating favorable localities in the eastern Mississippi Embayment to access heavy
mineral samples. Once these high favorable, sandy outcrop regions were delineated and
mapped, each region was driven through in and outcrops were traversed to locate black
minerals slicks in the exposed sand. Samples were extracted from the outcrop by hand or
shovel (depending upon the terrain), and were placed and stored in labeled sample bags.
For each location, pertinent field information was collected on site during the collection
phase. Information was recorded for 1) a unique Sample ID number, 2) County (in the
state where collected), 3) Geology (geologic unit name), 4) Latitude and longtitude
location information in decimal degrees, 5) Elevation (in meters via GPS), and 6) The
heavy mineral concentration sample type. Heavy mineral concentration sample types can
consist of either a bulk sample or a slick sample. Bulk samples are those collected from
17

the outcrop or exposure without prejudice, and should represent an accurate percentage of
heavy minerals within a given geologic bed or unit. Slick samples result from the eroded
surface formation, which are hydraulically and gravity accumulated occurrences of heavy
minerals. While these accumulations do not accurately reflect the heavy mineral
percentage of a given geologic unit, they are useful in prospecting, and are key in
obtaining a large sample size for adequate analysis. A total of 26 samples were
collected, and which represented heavy mineral occurrences in eight separate geologic
units.

Figure 3.1

“Black Slicks” exposed at the surface of an outcrop
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Table 3.1

Sample locality information

Sample ID
MS KLG 01
MS CLMB 02
AL SIPS 03
AL ROBT 04
AL GORDO 05
AL REF 06
MS STAHL 07
MS HATLEY 08
MS CHRISTIAN 09
MS NEW SAL 10
MS DEN 11
MS WMT 12
MS BRN 13
TN LAWT 14
TN JEN 15
TN LEX 1-16 and 2-16
TN RAM 17
MS KOS 18
MS KOS 19
MS KOS 20
MS RNZ 21
MS DUM 22
MS BRN 23
MS PON 24
MS NHO 25

County
Geology
Latitude Longitude Elevation
Concentration
Clay
Ripley 33.77072 -88.86436
92m
Slick High Grade
Lowndes Tombigbee 33.55209 -88.43236
40m
Slick High Grade
Tuscaloosa
Gordo 33.27059 -87.74114
94m
Slick High Grade
Tuscaloosa
Coker 33.26448 -87.71020
73m
Slick High Grade
Tuscaloosa Tuscaloosa 33.31433 -87.80360
110m
Slick High Grade
Pickens
Eutaw 33.40934 -88.14127
84m
Slick High Grade
Monroe Tombigbee 33.75320 -88.53934
74m
Slick High Grade
Monroe
Eutaw 33.94874 -88.42397
50m
Bulk Outcrop
Monroe
Eutaw 33.94512 -88.41701
69m
Bulk Outcrop
Itawamba
Eutaw 34.12710 -88.37590
84m
Slick High Grade
Tishomingo Tuscaloosa 34.58618 -88.22219
162m
Slick High Grade
Tishomingo
Coffee 34.78776 -88.24156
226m
Bulk Outcrop
Tishomingo
Coffee 34.84279 -88.32808
140m
Slick High Grade
McNairy
McNairy 35.20693 -88.50453
161m
Slick High Grade
Chester
McNairy 35.47740 -88.45366
163m
Slick High Grade
Henderson
McNairy 35.53973 -88.38309
134m 1-6 Slick High Grade, 2-6 Bulk Outcrop
McNairy
McNairy 35.06987 -88.67430
115m
Slick High Grade
Alcorn
McNairy 34.86367 -88.70906
177m
Slick High Grade
Alcorn
McNairy 34.84792 -88.70091
173m
Slick High Grade
Alcorn
McNairy 34.81363 -88.75010
165m
Slick High Grade
Alcorn
Coffee 34.79192 -88.46813
114m
Slick High Grade
Union
McNairy 34.58611 -88.76288
182m
Slick High Grade
Prentiss
Coffee 34.58560 -88.63239
88m
Bulk Outcrop
Pontotoc
Ripley 34.29509 -88.88962
118m
Slick High Grade
Chickasaw
Ripley 34.07500 -88.89680
94m
Slick High Grade

Heavy mineral separation
After the samples were collected, heavy minerals were separated using a heavy
liquid (lithium Metatungstate). For this process, the raw sample was split down to a
representative 300 grams and then soaked for 24 hours in a solution of sodium hydroxide
to remove organic material. Next the sample was pour into nestled No. 20 and No. 270
sieves and washed with approximately two gallons of hot water. The sample was then
dried in an oven at 60°C overnight and split once again down to a representative 100
gram portion. The 100 gram sample was placed in a 350 mL seperatory funnel filled
with Lithium Metatungstate (LMT). The heavy minerals sank in the liquid, while the
lighter quartz grains floated to the top. The heavies were recovered by opening a valve at
the base of the funnel.
19

Figure 3.2

Separation of heavy minerals with the use of lithium metatungstate (LMT)

The sample was drained 3 times during 20 minute intervals. Once the heavy
minerals were recovered, they were washed with deionized water to rid it of residual
LMT and then placed into a drying oven. Next, the recovered heavy minerals were
placed into newly labeled sample bag.

20

Table 3.2

Heavy mineral separation process

(order occurring left to right)
Microscopic identification
Finally, heavy mineral separates were examined under a stereomicroscope to
identify the minerals present. Then a percentage of each sample was estimated by the use
of mineral percentage chart. The minerals were spread thin on a microscopic plate, and
after each grain in a single view was identified, the mineral percentage chart was used to
closely estimate the percentage of each mineral present. Two or three views were used
per sample to get the most accurate makeup of the sample. These views included mostly
zircon, rutile, ilmenite, leucoxene, kyanite, staurolite, sillimianite, and monazite,
comprising 95-99% of the sample, and small traces of garnet, corundum, and epidote.
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Figure 3.3

Mineral percentage chart

X-ray fluorescence spectrometer (XRF)
An x-ray fluorescence (XRF) spectrometer was used to get geochemical data to
collaborate the mineral percentages for samples. XRF is an x-ray instrument used for
routine, relatively non-destructive, chemical analyses for rocks, minerals, sediments, and
fluids. XRF analysis gives the elemental percentages present in a sample, which in turn
indicates the presences and abundance of minerals based on chemical composition. After
an XRF sample run, the results were compared with those of published records for heavy
minerals being mined in the eastern United States. Thus, a correlation could be made
between Mississippi Embayment samples and those from the East Coast.
Fourier transform infrared (FTIR)/ Attenuated total reflectance
Fourier transform infrared (FTIR)/ attenuated total reflectance (ATR) analysis
was also run of the Mississippi Embayment samples. These will be compared with
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samples being actively mined in the coastal plain of Georgia. At present, the Georgia
samples have not been uploaded into the FTIR/ATR database.

Figure 3.4

Fourier transform infrared (FTIR)/ Attenuated total reflectance (ATR)
spectrometer performing analysis on one of my samples
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CHAPTER IV
RESULTS

During microscopic identification, minerals that were present consisted of:
ilmenite, leucoxene (chemical alteration of titanium bearing minerals), kyanite,
silimanite, zircon, rutile, staurolite, and monazite. Ilmenite and leucoxene made up the
majority of the each sample in a range of approximately 30%-50%. However, samples
TN LAWT14 and TN JEN 15 had ilmenite percentages of 10%-15% and leucoxene
percentages of 10%-20%. Other than those two samples, mineral percentages for the
remainder of the samples were very similar. Heavy minerals recovered during sink float
for each sample varied from 0.5-9 grams.
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Table 4.1
Sample ID
MS KLG 01
MS CLMB 02
AL SIPS 03
AL ROBT 04
AL GORDO 05
AL REF 06
MS STAHL 07
MS HATLEY 08
MS CHRISTIAN 09
MS NEW SAL 10
MS DEN 11
MS WMT 12
MS BRN 13
TN LAWT 14
TN JEN 15
TN LEX 1-16
TN LEX 2-16
TN RAM 17
MS KOS 18
MS KOS 19
MS KOS 20
MS RNZ 21
MS DUM 22
MS BRN 23
MS PON 24
MS NHO 25

Sample data sheet
Pan#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Raw Weight (g) Raw Split Weight (g) Wash Weight (g) Wash Split Weight (g) HM Weight (g)
1888.59
300.21
264.11
100.18
3.8390
1857.15
300.96
253.42
100.25
8.5443
1593.16
300.36
254.96
100.17
1.3790
1665.58
300.09
252.63
100.04
0.6105
2147.06
300.86
279.14
100.63
2.0053
1179.54
300.17
122.25
100.81
3.0063
2223.06
300.27
193.81
100.33
4.6384
1621.54
300.29
252.38
100.55
0.5539
1718.43
300.31
264.25
100.09
0.5797
1739.69
300.92
219.08
100.40
4.0550
2146.47
300.14
250.94
100.77
4.9541
1983.92
300.40
153.76
100.32
2.2519
1902.20
300.73
261.57
100.33
6.0433
1685.33
300.61
233.75
100.50
4.0513
1699.09
300.36
219.11
100.68
2.9758
1730.55
300.51
269.29
100.85
3.0283
1480.61
300.50
281.35
100.41
4.8156
1544.29
300.55
269.72
100.10
1.3527
1971.07
300.41
239.62
100.68
6.6019
1579.81
300.35
270.46
100.45
3.8701
1711.41
300.22
257.94
100.64
9.1516
1718.59
300.23
239.65
100.31
3.5163
1371.91
300.21
278.18
100.75
8.6569
1771.56
300.39
274.09
100.66
0.5489
1175.29
300.76
216.33
100.24
7.2367
1577.48
300.37
231.59
100.15
3.3067

Microscopic identification

Table 4.2
MSKLG01
MSCLMB02
ALSIPS03
ALROBT04
ALGORDO05
ALREF06
MSSTAHL07
MSHATLEY08
MSCHRISTIAN09
MSNEWSAL10
MSDEN11
MSWMT12
MSBRN13
TNLAWT14
TNJEN15
TNLEX1-16
TNLEX2-16
TNRAM17
MSKOS18
MSKOS19
MSKOS20
MSRNZ21
MSDUM22
MSBRN23
MSPON24
MSNHO25

Sample estimated percentages from microscope analysis
~ % ILMENITE ~ % LEUCOXENE ~ % KY/SILL ~ % ZIRCON ~ % RUTILE ~ % MONAZITE ~ % STAUROLITE ~ % MICA
50
10
15
15
5
≤1
5
0
40
30
10
30
10
≤1
3
0
40
8
20
20
10
≤1
2
0
30
30
20
10
5
3
2
0
40
10
20
15
5
5
5
0
50
15
10
15
5
3
2
0
40
10
10
10
20
5
5
0
40
20
5
10
5
10
10
0
30
30
20
10
5
3
2
0
30
10
20
25
7
3
5
0
30
30
15
10
5
5
5
0
25
40
15
8
5
2
5
0
35
35
10
10
4
2
4
0
15
10
10
15
10
5
10
0
10
20
25
17
10
8
15
0
30
20
16
15
8
3
5
≤1
30
30
15
10
5
3
7
≤1
20
40
20
15
2
1
2
0
15
10
30
20
5
5
15
0
40
30
10
5
3
2
10
0
40
15
15
10
8
2
10
0
50
15
10
10
3
2
5
0
50
20
10
8
5
2
5
0
30
10
30
10
8
2
10
0
50
15
20
10
2
1
2
0
40
20
15
14
5
1
5
0
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Figure 4.1

Monazite, sample MS KOS 18
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Figure 4.2

Rutile, Sample: TN LAWT 14
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Figure 4.3

Staurolite Sample: MS BRN 23
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Figure 4.4

Sillimanite, Sample: TN JEN 15
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Figure 4.5

Ilmenite/Leucoxene, Sample: TN RAM 17
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Figure 4.6

Kyanite, Sample: TN JEN 15
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Figure 4.7

Zircon, Sample: MS CLMB 02
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Figure 4.8

Ilmenite, Sample: AL SIPS 03
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Figure 4.9

Green Zircon, Sample: MS KLG 01
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XRF analysis

Table 4.3

XRF analysis showing elemental composition of samples (SiO2-P2O5)
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Table 4.4

XRF analysis showing elemental composition of samples (V2O5-MnO)
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Table 4.5

XRF analysis showing elemental composition of samples (S-Zn)
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Table 4.6

XRF analysis showing elemental composition of samples (Mn3O4-NiO)
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Table 4.7

XRF analysis showing elemental composition of samples (CuO-Nb)

In considering the GIS map plots of the sample XRF data, certain associations can
be made for the XRF values versus the geologic formations. The TiO2 values have
relatively high values in association with most all of the sampled geologic formations.
As for zircon, the highest relative levels are associated with the McNairy Sand. Fe2O3
was shown to have high relative levels in association with the Ripley Formation. The
highest relative levels for Al2O3 are associated with the McNairy Sand and Coffee Sand,
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and the highest relative levels for uranium and thorium are associated with the McNairy
Sand and Ripley Formation.
In an effort to relate the XRF data to mineralogy, the following relationships may
be made: 1) TiO2 (percent) may be considered as a proxy for occurrences of rutile,
ilmente, and leucoxene. 2) Zircon (percent) is a direct association for the presence of the
mineral zircon. 3) Fe2O3 (percent) may be considered as a proxy for occurrences of
ilmenite and leucoxene. 4) Al2O3 (percent) may be considered as a proxy for occurrences
of kyanite/sillamanite and staurolite. 5) U and Th (ppm) may be considered as proxies for
occurrences of zircon and monazite.

Figure 4.10

ArGIS map showing XRF analysis for TiO2
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Titanium dioxide (TiO2) is a strong indicator for the presence of titanium bearing
minerals such as rutile, ilmenite, and leucoxene. These minerals make up a good
majority of the samples that were collected for this study. Leucoxene showed up
significantly in my samples which are not as apparent in the mineral suites from Georgia,
but this is because the samples from this study are much older in age and have undergone
much more weathering and alteration.

Figure 4.11

ArcGIS map showing XRF data for Zircon

Zircons showed up throughout these samples, and were pretty consistent in
percentage throughout most of the samples for this study. Much like the samples from

41

this study, the heavy mineral suites in Georgia contain zircon occurring in the same order
of abundance.

Figure 4.12

ArcGIS map showing XRF data for Fe2O3

Fe2O3 was used for determining the occurrences of ilmenite and leucoxene. As
stated earlier, ilmenite and leucoxene are primarily titanium bearing minerals but with
leucoxene be an iron alteration of ilmenite, one could use Fe2O3 as a proxy for
occurrences of not only ilmenite but for high traces of leucoxene as well, which is show
in the XRF analysis.
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Figure 4.13

ArcGIS map showing XRF data for Al2O3

Al2O3 can be used for showing occurrences of kyanite, sillimanite, and
staurolite. All of these minerals are important for this study since All three of these
samples are known to make up the metamorphic rocks of the Appalachians. Because
Kyanite/sillimanite and staurolite were recognized in all samples for this study, it gives
strong evidence for an Appalachian Provenance.

43

Figure 4.14

ArcGIS map showing XRF data for Unranium (U)

44

Figure 4.15

ArcGIS map showing XRF data for Thorium (Th)
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CHAPTER V
DISCUSSION

The Mississippi Embayment developed in Late Cretaceous time as a northward
embayment of the Gulf of Mexico just east of an interior seaway that extended from the
Gulf, through the midcontinent, northward across Canada and Alaska, to the North Sea.
As such, it was a sediment trap for the highlands of eastern North America. These
highlands included the southwest-northeast trending Ridge and Valley Province of the
Appalachian Mountains and the Piedmont Provence at the Appalachian core. Along the
Piedmont was a continental divide with rivers east of the divide draining into the North
Atlantic Ocean and those west of the divide draining into the Mississippi Embayment and
eastern Gulf of Mexico. Many rivers must have entered the Embayment from the east,
but the largest river system, which extended to the Appalachian core of the Piedmont
Provence, is referred to as the Appalachian River, an ancient analogue to the modern
Tennessee River.
The Appalachian River cut deep valleys into the Paleozoic basement rocks of
Tishomingo County, Mississippi, and deposited thick sands and gravels of the Tuscaloosa
Formation as valley filled alluvial deposits. Thick chert gravels in the Tuscaloosa
indicate a de-roofing of the Paleozoic cover of the Piedmont’s western flank. Later
Cretaceous Appalachian-River-sourced deposits include the (1) McShan Formation with
sands, clays, lignites, amber, and dinosaur bones, (2) the lower Eutaw Formation with
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nearshore cross-bedded sands, (3) the Tombigbee Sand, a nearshore bioturbated
fossiliferous sand, (4) the Coffee Sand, a cross-bedded nearshore sand, (5) the Sardis and
Frankstown sands of the basal Demopolis Chalk, (5) sands of the Ripley Group,
including the fluvial/deltaic sands of the McNairy Sand and its marine southern
component, the Chiwapa Sandstone, and (7) nearshore marine sands of the Owl Creek
Formation. All together, these formations represent millions of years of a steady heavymineral sand supply to the Mississippi Embayment sourced from the Appalachian
Piedmont as based on paleogeographic reconstructions. The proof of these
reconstructions can be found in the forensic interpretation of heavy mineral assemblages.
Heavy minerals from the Mississippi Embayment included in this study contain
ilmenite, leucoxene, zircon, rutile, kyanite/sillimanite, staurolite, and monazite. This
suite of heavy minerals are also associated with heavy mineral suites along the Atlantic
Coastal plain which helps confirm an Appalachian Provenance
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CHAPTER VI
CONCLUSIONS



Kyanite/sillimanite and staurolite were recognized in all samples, and
represent strong evidence for an Appalachian Provenance. Alternatively,
the overall lack of epidote in the HM suite points away from a Mississippi
River related provenance.



Garnet is not represented in the samples, yet is prevalent in younger
(Miocene) Appalachian sourced deposits along the Atlantic Coastal Plain.
This is because the Cretaceous deposits of the Mississippi Embayment are
much older, and much more weathered. The resulting HM suite in the
Embayment is mature, with enriched TiO2 content, substantial altered
ilmenite (leucoxene), and suggests that the garnet fraction has been
weathered out.



The dominant heavy minerals found in the Mississippi Embayment
samples are ilmenite, leucoxene, zircon, rutile, kyanite/sillimanite,
staurolite, and monazite. This suite of heavy minerals compares favorably
to those represented along the Atlantic Coastal Plane, and supports an
Appalachian Provenance.
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Paleovalleys have a southwest trend and also contain sediments from the
Tuscaloosa unit.



XRF trace occurrences of zinc, yttrium, rubidium, lead, niobium,
manganese oxide, manganese (III) oxide, magnesium oxide, and
chromium (III) oxide may be indicative of minor occurrences of zinc
spinel (gahnite), xenotime, lepidolite, galena, columbite, manganosite,
hausmannite, and periclase, respectively. These mineral types are
documented to exist in the Appalachian region of the U.S., and thus, help
to support an Appalachian Provenance for the HM of the Mississippi
Embayment.



XRF analysis indicates considerable thorium and uranium components,
which typically reside with zircon and monazite. Appalachian derived
zircon is known to possess elevated thorium and uranium
levels. Therefore, and Appalachian Provenance is supported by these
significant uranium and thorium signatures. Additionally, monazite,
which is well represented in the Embayment samples, is a common
Appalachian derived mineral.



The conclusions stated above, support the theory of an ‘Appalachian
River’, which flowed from the southern Appalachian Piedmont region,
eastward and into Cretaceous aged shorelines. This river system persisted
over a considerable period of time, from Coker Formation times through
Ripley/McNairy Sand times.
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TiO2 High relative levels encountered in most sampled formations.
Zircon The highest relative levels are associated with the McNairy Sand.
Fe2O3 The highest relative levels are associated with the Ripley
Formation.
Al2O3 The highest relative levels are associated with the McNairy Sand
and Coffee Sand.
U &Th The highest relative levels are associated with the McNairy Sand
and Ripley Formation.
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